OVER the past several years free radical pathology, especially as it pertains to experimentally induced cerebral lesions, has been the subject of renewed interest in several investigative laboratories. Its possible role in the development of ischemic cerebral lesions, i.e., stroke, is suggested.
For most chemicals, the electron orbitals are filled with paired electrons, which spin in opposite directions and cancel each other's magnetic fields. For a free radical, however, the outer orbital has a lone, unpaired electron, which spins unopposed. In most cases, this unpaired electron creates an extremely unstable electronic distribution and the free radical is quite reactive. 111 The pattern of its chemical reactions is referred to as "anti-Markovnikov" as opposed to the usual pattern of organic reactions known as "Markovnikov."
12 Many compounds can be converted into a free radical state by x-ray or ultraviolet irradiation, or by chemical agents known as initiators. The most significant aspect of radical chemistry is a marked alteration in the size and shape of the molecules, leading to altered function of the chemicals involved.
The physical-chemical properties of molecular oxygen (O 2 ) are central to the theory of free radical pathology. First, the molecular structure of O 2 is such that it can be written as having a covalent double bond, O = O, or as being a diradical, O-O. It is this diradical characteristic that provides 0 2 with the potential to undergo initiation and addition reactions. Reactions such as those depicted in figure 1 are typical of the free radical reactions that occur in the classic rancidification of fats. The presence of iron complexes or copper complexes can catalyze further radical reactions, as shown in figure 2.
Molecular oxygen is 7 to 8 times more soluble in nonpolar media than in polar media, a characteristic that significantly affects the structure of the plasma membrane. Quite simplified, the plasma membrane is a bimolecular leaflet of phospholipids, with hydrophobic, hydrophilic, and amphipathic substances interdigitated into and interacting with the leaflet by hydrophobic and ionic forces. As shown in figure 3 , the plasma membrane lipid bilayer has a hydrophobic midzone area. This is the nonpolar medium in which O 2 is so soluble. It is also the location of the polyunsaturated fatty acids with their allylic carbonhydrogen bonds which are so susceptible to free radical attack ( fig. 2) . Thus, the normal membrane has the highest concentration of O 2 (with its diradical potential) in the hydrophobic midzone area, where it has the potential for doing the most damage to the membrane's polyunsaturated fatty acids, i.e., the membrane is poised for disruption.
The question that logically follows this line of reasoning is, "What prevents the normal plasma membrane from being destroyed by lipid peroxidation?" Demopoulos et al. 2 have suggested that cholesterol has a protective antioxidant function in normal cell membranes. Cholesterol is an amphipathic substance that enters the hydrophobic midzone area perpendicular to the surface of the membrane. The fatty acid "tails" on the phospholipids ( fig. 3 ) are free to wave and, via hydrophobic forces, wrap themselves tightly around the nonpolar end of the cholesterol radical and "fit" or intercalate the cholesterol into the membrane. Since the steroid is firmly bound to the fatty acid tails, it serves as a physical barrier between the free radical and the allylic bonds of the fatty acids. Mitamura et al. 13 offer evidence in support of this theory, showing that the cholesterol content of membranes is decreased in coldinduced cerebral edema. They attributed this finding to chemical alteration of the steroid by the free radicals formed in the damaged tissue. Thus it appears that one of cholesterol's many roles may be to protect normal plasma membranes from free radical attacks.
With this background, one can speculate on the role of free radical pathology in acute cerebral ischemia. The cellular damage caused by cerebral ischemia might include destruction of the integrity of the capillary endothelium, which, in turn, would allow extravasation of red blood cells and fluid into the ischemic area. As the neurons, glial cells, and extravasated red blood cells die, iron and copper complexes (heme and cytochromes) would be released into the tissue spaces. Since oxygen is soluble in the hydrophobic midzone area of the membrane, and since it acts as a diradical, it could initiate free radical reactions that would contribute to cholesterol depletion. In the absence of sufficient cholesterol and in the presence of iron and copper complexes, catalysis of free radical reactions would proceed unchecked, disrupting membrane integrity. And anything that dis- rupts the normal integrity of the plasma membrane (such as lipid peroxidation) must, as a consequence, also disrupt that membrane's functions, e.g., permeability, transport, barrier capacity, bioenergetics. The ultimate result would be cellular damage, necrosis, cerebral edema, and all the complications thereof. RECENT STUDIES of the effects of decreased oxygen supply to the central nervous system (CNS) have examined the ischemic or hypoxic brain for histologic, histochemical and ultrastructural changes. 16 Extensive studies have focused attention on alterations of the bioenergetic pathways in response to ischemia or anoxia. 79 Only recently, however, has emphasis been given to the changes produced at the molecular level prior to the onset of frank subcellular and cellular pathology.
10
n Since neuronal integrity and function depend on competent cellular membranes, an early response to an insult such as ischemia might well be reflected by molecular changes in membrane components.
12
The concept that CNS cytomembranes can be disturbed by membrane lipid free radical reactions has been discussed in prior work from this laboratory.
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This work has also suggested that the similarly complex and variegated events observed in cerebral edema and spinal cord trauma may be tied together by an hypothesis that centers on molecular pathologic per- Free radicals are compounds that have a lone electron in an outer orbital and are therefore highly reactive. They occur normally in the mitochondrial electron transport chain of all cells and are kept under control by virtue of tight physical and chemical coupling of the intermediates. Oxygen, at the terminus of the electron transport chain, serves as the natural terminator of these free radical reactions by reduction to water. Hunter et al. have demonstrated in vitro that mitochondrial swelling is accompanied by the production of hydrogen peroxide, as well as malonaldehyde, a product of free radical initiated lipid peroxidation. 4 The question that arises is how lowered oxygen levels might permit free radical intermediates in the normal electron transport chain to react with membrane lipids and start a series of pathologic free radical reactions within the mitochondrial membranes.
The hypothesis that electron transport free radicals may increase in concentration with diminished oxygen tension, and thereby reach the levels needed to initiate lipid free radical reactions in mitochondrial membranes, was tested in a model employing middle cerebral artery occlusion in the cat. The ischemic tissue was studied at different time intervals for the content of a normally occurring tissue antioxidant, ascorbic acid. We interpret the consumption of available ascorbic acid as an indication that radical mechanisms are operative. J D Butterfield, Jr and C P McGraw
